Pneumococcal pneumonia comprises about two-thirds of all bacterial pneumonia and is the most common cause of morbidity in patients with community-acquired pneumonia (CAP). 1 A recent global burden of disease report estimated that there were 291.8 million episodes of lower respiratory tract infection (LRTI) (95% uncertainty interval [UI] 276.3 million to 307.0 million) each year. More than one-third of these episodes (101.8 million) occurred in children less than 5 years of age. 2 In a 2017 global burden of disease study, Streptococcus pneumoniae was the most commonly identified LRTI pathogen in all age groups, causing more than 1.5 million LRTI deaths. In particular, there were 0.7 deaths in patients above 70 years and 0.4 million fatalities among children less than 5 years of age. In India, CAP due to S. pneumoniae was responsible for 82 000 deaths among children less than 5 years of age. 2 Empirical therapy for CAP starts with antibiotics, which include those that target S. pneumoniae; however, the misuse of antibiotics can lead to drug resistance. Consequently, empirical microbial treatment for CAP should be based on the knowledge of the causative pathogen to avoid treatment failure and the associated costs. Studies reveal a case-fatality rate ranging from 4% to 33% where there was an incorrect initial selection of antibiotics. [3] [4] [5] There is some Indian literature on the microbiological aetiology of CAP among adults. 6 Hence, this systematic review and meta-analysis were performed to analyse the proportion of CAP due to S. pneumoniae infection in Indian patients >12 years of age.
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Eligibility criteria for studies
All studies, published between January 1990 and January 2017, that evaluated Indian patients aged above 12 years of age with a confirmed diagnosis of CAP were eligible for inclusion. Adolescence was taken to begin at 12 years of age.
Exclusion criteria for studies
All studies on CAP patients that were conducted outside India or/and not conducted in Indian population were excluded from the analysis. Studies were also excluded if they were conducted in Indian patient populations <12 years of age or where the full text was not available.
Measurements
The primary outcome of this study was the proportion of patients with CAP caused by S. pneumoniae. The secondary outcome was to determine the proportion of all other aetiological agents causing CAP. Sensitivity analysis was carried out based on the reporting quality of the included studies.
Search strategy
We performed a systematic search on PubMed, using the key terms 'Community-Acquired Pneumonia AND India', 'Community-Acquired Pneumonia AND aetiology', 'Community-Acquired Pneumonia AND Diagnosis', or 'Community-Acquired Pneumonia AND Management'. The search was performed after applying constant filters based on these additional search criteria: Article Types -Randomized Clinical Trials, Meta-Analysis, Systematic Literature Reviews, Literature Reviews, Observational Studies; LanguageEnglish; Publication Date -01/01/1990-08/01/2017; Species -Humans; Adult and Adolescent -12+ years. Additional records were identified through other sources (the National Institute of Science Communication and Information Resources [NISCAIR], the Annotated Bibliography of Indian Medicine [ABIM], and Google Scholar) using the search terms: 'Community-Acquired Pneumonia AND 'India'. A hand search was also performed using the same key terms, based on cross-references and review of journals from the library. A medical librarian was not involved in designing or reviewing the research strategy.
Risk of bias
The risk of bias was avoided by assessing the quality of information from each study. The instrument used to assess the risk of bias analysis was the instrument developed by Joanna Briggs Institute for systematic reviews addressing questions of prevalence. 7 
Data extraction
Data was collected from all the primary studies using a structured sheet in Microsoft Excel. Any discrepancies arising while entering the data were sorted out by discussion among all the contributors. Two reviewers were involved in determining the risk of bias analysis and data extraction. Reviewers resolved any disagreements by discussion between themselves. Study characteristics extracted included authors details, year of publication, title of study, place of study, and type of study. Patient parameters included number of study participants and their mean age, gender, educational level, and marital status. CAP was classified by aetiology.
Statistical analysis
A meta-analysis of proportion for aetiological agents with corresponding 95% confidence interval (CI) for all included individual studies was performed. Also, meta-analysis using a random effects method (DerSimonian and Laird), with the assumption of a degree of heterogeneity (i) 2 among the studies, was performed. The outcomes were presented as pooled estimates with 95% CI. 8 The i 2 test assessed variation in the outcome of all included studies with respect to the primary and secondary objectives. The meta-analyses were carried out using open software. 9 
Results
PubMed searches retrieved 164 studies and Google Scholar searches retrieved ten. Eight additional studies were retrieved via hand search. The ABIM and NISCAIR database searches did not retrieve any relevant study. The analysis identified 17 relevant studies ( Figure 1 ). All 17 studies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] were considered for qualitative as well as the quantitative synthesis of aetiological agents. Ultimately, only 12 of 17 studies were included for S. pneumoniae meta-analysis, 10, 13, 15, 16, [18] [19] [20] [21] [22] [24] [25] [26] since the remaining five studies did not include S. pneumoniae among the aetiological agents in their analyses. Table 1 represents the characteristics of the studies included in the analysis.
Risk of bias analysis
The risk of bias assessment was delineated in the reporting of the following items (Supplementary Table 1) : adequate sample size, appropriate recruitment, appropriate reporting of study subjects and of setting, reliable and objective measurement of outcome condition, statistical analysis, and accountability for confounding factors.
Primary outcome
The meta-analysis included 1435 patients. The patients' ages ranged from 12 to 93 years, with a predominance of the male gender. Clinical diagnosis was made both by physical examination along with a chest X-ray. The microbiological assessment of sputum culture was made in all studies, while in 12 studies, both sputum and blood cultures were obtained ( Table 1 ).
The pooled proportion of patients with S. pneumoniae infection was 19% (95% CI: 12%-26%; I 2 = 94.5%; P < .01) (Tables 2 and 3, Figure 2 ). The degree of heterogeneity was significant. 10, 13, 15, 16, [18] [19] [20] [21] [22] [24] [25] [26] 
Secondary outcome
Other causative organisms of CAP in the Indian adolescent and adult population were Mycoplasma pneumoniae (1.1%-35.4%), 13, 14, 17 Klebsiella pneumoniae (1.6%-24.0%), 10, 13, 15, 16, [18] [19] [20] [21] [22] [24] [25] [26] Legionella pneumophila (2.5%-23.8%), 11, 12 Staphylococcus aureus (1.0%-12.8%), 10, 13, 15, 16, [18] [19] [20] [21] [22] [24] [25] [26] Pseudomonas aeruginosa (0.83%-11.6%), 10, 13, 15, 16, [18] [19] [20] [21] [22] [24] [25] [26] Escherichia coli (0.83%-8.57%), 10, 13, 16, 18, 19, 21, 22, [24] [25] [26] Acinetobacter spp. (0.83%-5.0%), 10, 13, 16, 18, 19, 24, 26 and Enterobacter spp. (0.83%-4.0%) 10, 13, 18, 26 (Supplementary Table 2, Figure 3 ).
Discussion
Our systematic review suggests that S. pneumoniae is responsible for 19% of CAP in Indian patients >12 years of age. In a recently published study, Para et al evaluated the microbial aetiology of CAP in adult patients in a tertiary care hospital from North India. They observed that S. pneumoniae was the most common micro-organism accounting for nearly 31% of cases. Other organisms identified were L. pneumophila (17.5%), influenza viruses (15.4%), and M. pneumoniae (7.2%), with 4% of patients having multiple etiologies. 27 Kumar et al recently conducted a study from South India to assess CAP among children between 2 months and 16 years of age. They observed M. pneumoniae as the most common pathogen (20% cases), followed by respiratory syncytial virus isolated in about 11% cases. 28 
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Historically, common laboratory tests for pneumonia have included leukocyte count, sputum Gram stain, two sets of blood cultures, and urine antigens. Although previous administration of antibiotics may contribute to false-negative cultures rates, culture positivity rate values for the microbiological diagnosis of S. pneumoniae CAP by sputum culture may be confounded by upper airway contamination leading to falsepositive culture rates. 29 Furthermore, while isolation of S. pneumoniae from the sputum may represent colonization and overestimate its role in CAP, the prevalance of S. pneumoniae as a cause of CAP is underestimated due to lack of sensitivity of isolation technique from the blood. The urinary antigen method may enhance the sensitivity to detect S. pneumoniae; however, only two studies included in the present review performed urinary antigen testing, which was to detect L. pneumophila. 29 Our results suggest that approximately one-fifth of adult Indian CAP patients had S. pneumonia identified as an aetiological agent. The other predominant aetiological agents reported in adult Indian CAP patients were K. pneumoniae (10.5%) and M. pneumoniae (15.4%). Abbreviation: CAP, community-acquired pneumonia; CI, confidence interval.
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Our results are in corroboration with the studies conducted in other parts of the world. For example, a Spanish study conducted on 109 CAP patients, found S. pneumoniae to be responsible for 25% of all cases. 30 In the United Kingdom, the Research Committee of the British Thoracic Society and the Public Health Laboratory Service conducted a study to determine the aetiology of CAP in adult British patients. S. pneumoniae was identified as the foremost aetiological agent. 31 Similar results were reported in adult CAP patients in other studies. 32, 33 The results from the studies indicate the importance and contribution of S. pneumoniae in the burden of CAP across the globe over long periods.
CAP is a major cause of adult mortality across Asia. 34 Similar mortality patterns exist in developed western countries as well; for example, CAP is the sixth leading cause of death in the USA. 35 People in the older age group have increased mortality due to CAP as compared with the younger age group, with Chronic Obstructive Pulmonary Disease (COPD) being a common predisposing condition for CAP in the elderly. 34, 35 These deaths can be prevented by promoting vaccination against CAP in susceptible adults, the coverage of which is still far from being adequate in India. 36 Apart from focusing on optimal use of antibiotics in this antibiotic-resistance era, vaccination against the common causative organism may be of substantial preventive benefit against adult CAP in India. Furthermore, it may also reduce the economic burden due to CAP. 37 There are two types of pneumococcal vaccines currently used globally -conjugate vaccines that contain 10 (PCV-10) or 13 (PCV-13) pneumococcal serotypes, and the plain polysaccharide vaccine that contains 23 pneumococcal serotypes (PPV23). 38 Polysaccharide pneumococcal vaccine (PPV ) was 38 The dawn of the 21st century saw the introduction of pneumococcal conjugate vaccine (PCV ): heptavalent followed by 10-valent and 13-valent. 39 In contrast to the plain polysaccharide vaccine, the conjugate vaccines induce T-cell dependent immune response. With respect to elderly adults, CAPITA, a randomized, doubleblind, placebo-controlled trial, involving nearly 85 000 adults sought to establish the safety and efficacy of PCV13. Vaccineserotype-specific CAP (diagnosed by either blood culture or a serotype-specific urine antigen detection assay) occurred in 49 participants in the PCV13 group as compared with 90 in the placebo group (vaccine efficacy, 45.6%; 95.2% CI, 21.8-62.5). 40 The strength of this meta-analysis is that the included studies represent each of the regions of India. In this respect, an important consideration was the heterogeneity of included Indian studies. The random effects model found a varied distribution pattern. Our qualitative analysis also revealed similar results, but the source of heterogeneity could not be identified among the studies. The sensitivity analysis on 11 studies after excluding the study with the largest sample size led to comparable observations, suggesting that pooling these studies despite the difference in methodology was reasonable for this meta-analysis.
Nonetheless, a major limitation of this analysis was that the inclusion of all the existing eligible participants having different comorbidities could not be guaranteed. The other limitation was the reliance on sputum culture to make the microbiological diagnosis, in spite of the fact that the 17 studies included in this systematic review and meta-analysis were done in tertiary care hospitals in the urban area. Although most reported diagnosis based on clinical signs and symptoms along with microbiological tests (sputum culture and blood culture), 6 of 17 reported diagnoses were based on sputum culture and leukocyte count.
In addition, with the criteria established for this analysis, studies on viral pneumonia, or a comparison of viral with bacterial aetiology, were not included. Also, unpublished data such as conference abstracts or papers presented at scientific symposia were not included in the current study. Furthermore, no Indian study included in this study had reported multiple or mixed infections.
Future research should focus on larger epidemiological studies to identify aetiological organisms of CAP. This will help to establish a precise estimate and reliable association between the aetiological agents and CAP.
Conclusions
This systematic review and meta-analysis identified the aetiological agents of bacterial CAP from published studies in the adolescent and adult Indian population, finding the predominant causes to be S. pneumonia (19%), M. pneumoniae (15.4%), and K. pneumoniae (10.5%).
